In this paper the dimension of diffusion coefficient is discussed and the electrically accelerated methods, or migration tests, for determining chloride diffusion coefficient are briefly reviewed. The relationship between chloride diffusion coefficients obtained from the non-steady and steady state processes is derived. The test results show that the diffusion coefficients from both the non-steady and steady state tests are rather comparable when the concept of "intrinsic diffusion coefficient" is considered, especially for the concrete with a low w/c. It is found that the chloride flow in the concrete with a high w/c greatly decreases with the testing duration. Some possible reasons are discussed.
Introduction
Diffusion is a decisive process regarding to the chloride penetration into concrete. The chloride diffusion coefficient should, therefore, be a very important parameter. There are many methods for determining chloride diffusivity [l] . In the literature, however, very few gave a clear classification of the measured diffusion coefficients. A few years ago Nilsson [2] first classified different chloride concentrations and their relations to the diffusion coefficients. In this paper the author attempts to classifjr the dimension of chloride diffusion coefficient measured by the electrically accelerated methods.
Dimension of chloride diffusion coefficient
As it is well known, the dimension of chloride diffusion coefficient is m2/s. However, what does the m2 related to? In order to answer this question, let us analyse the dimension of Fick's law: 
In order to simplifL the above dimension, let us consider a homogeneus pore structure, i.e. the pore fraction in any thin slice along the x-coordinate is equal to the porosity E. This implies that the area fraction of pore on any cross-sectional surface is independent of the x-coordinate. Thus the volume fraction of pore, or porosity, can be expressed as
Vpore -' pore j~
Under the saturated condition, 
msofiion \ mx = m2,/s.
Electrically accelerated methods

Non-steady state process
The non-steady state method involves applying a potential of 30-40 volts across a 50 mm thick specimen for a certain duration, then splitting the specimen and measuring the penetration depth of chlorides by using a colourimetric method [4] . Under the action of an electrical field, the diffusion function can be written as
where Dnss denotes the apparent diffusivity from non-steady state test. At the reflection a2c point xf , -= 0 , and Eq. (4) turns into ax2
resulting in the following equation for determining diffusion [5] :
where R: gas constant, R = 8.3 14 J/(K.mol);
T: solution temperature, K; L: thickness of the specimen, m, ; z: absolute value of ion valence, for chloride ions, z = 1; F: Faraday constant, F = 9.648 X 104 J/(V-mol); U absolute value of potential difference, V; xd: penetration depth, m, ;
where c0 is the chloride concentration in the bulk solution, cd is the chloride concentration at which the colour changes when using a colourimetric method to measure xd, and erf-l is an inverse error function. Let 5 = erf-' ( 1 --:),andcd=O.O7N,the values of E, are given in Table 1 . 
Some experimental results and discussions
In order to compare these two methods, the aged concrete specimens with w/c 0.35-0.75 were used in this study. The concrete compositions are listed in Table 2 . The detail test procedures for both non-steady state and steady state process are described elsewhere PI. The chloride flows in the steady state test are shown in Fig. 2 . Some researchers, e.g. Arup [g] , observed that the flow rate in the beginning increases with time, then reaches a relative constant--steady state, and then decreases after a certain period. In this study, the chloride flows through the concrete specimens with w/c 0.35 and 0.40 recurred the above phenomenon. It is surprising, however, that the chloride flows through the concrete specimens with high w/c remarkably decreases with the test duration even from the very beginning. The maximum flow rate for each concrete was, therefore, used to calculate the diffusion coefficient Dss. The porosity E and the gel content Wgel were calculated by the following equations:
500-
or as expressed as the intrinsic diffusion coefficient:
For a certain material, its intrinsic di&sion coefficient Do may be constant. Since Kb decreases as c0 increases, the difisivity Dnss should increase with CO. In our previous study [5] , however, it appears that the iduence of concentration is not very obvious, as shown in Fig. 1 . The possible explanation might be that: 1) the increased c0 results in a lower value of y, keeping yco relatively constant; and 2) the increased c0 decreases the effective porosity E, due to the "blocking" effect, resulting in a relatively constant value of Ee.(')'CO)ld~ The latter effect might also be one of the reasons why the diffusivity measured by the steady state test decreases with CO, e.g. as reported in [5, 81. Because the porosity is a material parameter and it changes with different compositions, it is difficult to generalise a quantitative relationship between concentration c0 and effective porosity E. On the other hand, if we assume that under a certain level of c. the porosity does not change, the value of yco could be taken as constant to keep Kb constant. For instance, by where C, WG: the cement and aggregate content, respectively, kglm (see Table 2 ); yc, YG: the density of cement and aggregate, respectively, yc = 3 150 kg/m3 and the porosity of air pores.
The calculated results are listed in Table 3 . It can be seen that for the concrete with a low w/c the intrinsic diffusion coefficients obtained from both the steady state and the non-steady state tests are rather comparable, but for the concrete with a high w/c the coefficients from the steady state test are remarkably lower than those from the non-steady state test. This large difference may be attributed to many factors, e.g. 1) blocking effect of bound chlorides on pore structures, which may more effectively decrease the chloride flow in a high w/c concrete, resulting in an underestimation of Dss, or overestimation of Dnss; 2) effect of alkali on cd in Eq. (7), the critical concentration for color change in the colorirnetric method [10] , which may result in an overestimated value of Dms for high w/c concrete due to a lower alkali content, causing a lower value of cd, in such a concrete; 3) effect of interface potential or polarisation on chloride flow, which may have more influence on steady state test due to a longer testing duration.
Further study is needed to clarifjr the large difference between Dss and Dnss in high w/c concrete.
